Passive exposure to cigarette smoke in children is toxic and associated with susceptibility to cigarette smoking. In turn, smoking susceptibility predicts smoking initiation. These relationships suggest that exposure to cigarette smoke in childhood contributes to risk for future cigarette smoking.
Childhood secondhand smoke exposure (SHSe) is associated with adverse health consequences [1] [2] [3] [4] [5] and contributes to medical problems into adulthood. [6] [7] [8] [9] [10] It also is associated with smoking susceptibility, 11, 12 which is an independent predictor of smoking initiation. [13] [14] [15] SHSe is associated with symptoms of addiction in children who had never smoked 16 and with progression to weekly smoking in adulthood, 17 independent of family and peer smoking. One mechanism that could account for the relationship between SHSe and smoking behavior is genetics, because children who live with parents who smoke likely have an inherited predisposition to smoking. [18] [19] [20] [21] A second mechanism is individual differences in sensitivity to SHSe, 22 which could be influenced by genetic predisposition to smoking, genetic predisposition in sensitivity to SHSe, 23, 24 by cumulative SHSe, by existing medical conditions, or a combination of these and other factors. A third mechanism is access to cigarettes and the modeling of smoking behavior to which exposed children are subject. Social reactions to the child's early imitations of their parents' smoking may strongly influence smoking initiation.
We posited that individual differences in sensitivity to SHSe may represent markers for vulnerability to smoking behavior. Studies have shown that subjective reactions (eg, relaxed, dizzy) to first-time smoking are related to escalation in smoking behavior and nicotine dependence. [25] [26] [27] We previously reported the assessment of sensitivity to SHSe, presented psychometric findings of SHSe sensitivity, and predicted smoking susceptibility in cross-sectional analyses. 28 The current investigation extends our previous findings by examining sensitivity to SHSe and smoking susceptibility longitudinally.
MATERIALS AND METHODS
All procedures were approved by the San Diego State University institutional review board.
Participants
Low-income families were recruited throughout San Diego County, California, with a total of 18 673 recruitment contacts made over 3 years. A total of 1836 interested families were contacted by telephone between 2004 and 2007, identifying 618 potential families on the basis of child age (8 -13 years) and resident smoker status; 388 families qualified for an in-home baseline interview. Parents signed informed consent and preteens signed assents. Of 388 families, 211 families were eligible for the randomized clinical trial if reported SHSe in the home was 2 or more cigarettes per day or if the preteen's urine cotinine level (a biomarker of SHSe) was 2.0 ng/mL or higher. Of these, 9 families refused to continue, 1 family was lost, and 201 families were randomly assigned to either the intervention or control and were followed at 5, 9, and 12 months.
Analysis in this study was limited to the longitudinal subsample of 201 preteens (1 from each family) who had never smoked at baseline and throughout the 12-month follow-up (n ϭ 182) and who had smoking susceptibility data on at least 2 of 4 assessments (n ϭ 165).
Assessments
Sequential interviews were completed with the parent and preteen separately. The preteen interview included demographics; general health information; tobacco-use history; peer smoking behavior; SHSe in the home, school, church, and neighborhood; SHSe reactions; rules about smoking in the home; parenting and home environment; alcohol use; and popularculture items. The parent interview included race/ethnicity information and detailed family smoking history. Urine was collected from the preteen at baseline and follow-up measures.
Variables

Reactions to SHSe
Assessment of SHSe sensitivity was adapted from measures used to assess sensitivity to the first smoked cigarette. 29, 30 Preteens were asked to respond "yes" or "no" to the questions "When you have breathed other people's smoke, did you ever feel any of the following?": (1) "Did you feel dizzy?"; (2) "Did you feel like you wanted to throwup?"; (3) "Did you think it was unpleasant or gross?"; (4) "Did your heart beat faster?"; (5) "Did you feel relaxed or calm?"; (6) "Did you feel a rush or buzz in your head?"; (7) "Did you think it was nice or pleasant?"; (8) "Did you like the smell?"; and (9) "Did you start coughing or choking?" SHSe sensitivity was assessed at the baseline interview only.
Smoking Susceptibility
To be classified as nonsusceptible, subjects who never smoked had to respond with "definitely not" to the following: "Do you think you will try a cigarette soon?", "Do you think you will be smoking one year from now?", and "If one of your best friends were to offer you a cigarette, would you smoke it?" Otherwise, preteens were classified as susceptible. 31 Never smoking was defined as answering "no" to both "Have you ever smoked a cigarette?" and "Have you ever tried cigarette smoking, even a few puffs?" Smoking susceptibility was assessed at baseline and at each follow-up interview.
Covariates
The following were covariates, including variables shown to be associated with smoking susceptibility 13, 32 : (1) gender; (2) age, categorized as ages 8 to 9, 10 to 11, and 12 to 13 years; (3) race/ethnicity, categorized as nonHispanic white, Hispanic white, black, combined Native American, Asian, and Pacific Islander, and mixed. Nonwhite groups included both Hispanics and non-Hispanics; (4) parent education, categorized as less than high school, high school, and more than high school; (5) family smoking index, defined as the proportion of first-and second-degree relatives who ever smoked regularly relative to the total number of relatives (an expanded explanation can be found in ref 28 or requested from Dr Lessov-Schlaggar) 33, 34 ; (6) school grades in the past year (mostly As and Bs versus all others); (7) any friends who smoke (yes or no); (8) urine cotinine level (log transformed; analytic chemistry of urine cotinine has been described 28, 35 ); and (9) membership in the experimental or control arms of the study.
Data Analysis
Factor analysis was used to investigate the pattern of correlations among SHSe reactions and to examine whether reactions cluster into "pleasant" and "unpleasant" dimensions. Factor analysis with promax rotation (allowing for correlated factors) was performed using SAS software version 9.1. 36 The choice of the final factor solution was based on (1) the common variance accounted for by each factor, (2) the scree plot, (3) at least 2 items with factor loadings 0.3 or higher, and (4) items with high loadings (Ն0.3) on 1 factor had to have lower loadings on all remaining factors. 37 Association of SHSe reactions and demographic characteristics was investigated in a series of regressions by using Stata 9, 38 where the dependent variable was either each reaction (logistic regression) or a 3-category summary score (ordinal logistic regression). Pairwise comparisons between categories of the independent variables were computed using the Wald 2 test. For the ordinal regression, the proportional odds assumption was tested using the Brant test. The assumption was not violated in any of the models.
Smoking susceptibility trajectories were estimated using a semiparametric, multinomial-mixture modeling approach that identifies the optimal number of trajectory growth curves in the population. 34, [39] [40] [41] The most parsimonious Bayesian information criterion 42 was used for model selection. Model building proceeded using the general recommendation to add trajectory classes as long as the Bayesian information criterion continued to decrease and the model was meaningful. 41 Trajectory models were fit to the values of the dichotomous smoking susceptibility variable across the 4 assessments using a logit model. Time since baseline was the independent variable. Baseline was indexed as 0, 5-month and 9-month follow-ups were indexed as 0.417 and 0.75 fractions of 1 year, and 1 represented the 1-year follow-up. Trajectory analyses were conducted on data from preteens who never smoked throughout and who had susceptibility data from at least 2 of 4 assessments (final n ϭ 165).
Association of SHSe reactions and susceptibility trajectories was investigated by using logistic regression predicting trajectory class assignment from baseline SHSe reaction items and summary scores. Trajectory class assignment was based on computation of a posterior probability of preteen assignment to each trajectory class modeled. Thus, if 2 trajectories were modeled, each individual had 2 posterior probabilities of trajectory class assignment. A person was assigned to the trajectory for which they had the higher posterior probability.
RESULTS
Demographics and prevalence of baseline SHSe reactions are shown in Table  1 . Factor analysis of SHSe reactions resulted in 2 factors (Table 2) . A total of 5 of 9 items had loadings of 0.30 or higher on the first "physical/unpleasant" factor. The item "unpleasant or gross" did not have a factor loading 0.30 or higher; however, it was included in the computation of the factor 1 summary score because it had a sufficiently high loading in the factor analysis for the full sample (factor loading: 0.31) and was significantly related to smoking susceptibility. 28 This 6-item factor had acceptable internal consistency (Cronbach ␣ ϭ 0.63). The factor accounted for 24.9% of the variance in these 6 items. None to all 6 of the "unpleasant/physical reactions" were endorsed with a median of 2 and mean of 2.11 (SD: 1.57). To increase cell size for this quasicontinuous measure, a dis- (Table  2) .
Feeling relaxed or calm and thinking that SHSe is nice or pleasant loaded on a second factor. The internal consistency of this "pleasant" factor was low (Cronbach ␣ ϭ 0.44), and it accounted for 21.7% of the variance in the 2 items. The summary score captured endorsement of neither of these 2 items (score: 0) or either or both of them (score: 1 or 2). Factors 1 and 2 were weakly correlated (r ϭ 0.10).
Associations of baseline SHSe reactions and summary scores with demographic characteristics are shown in Table 3 . Overall, more 8-to 9-year-old subjects, relative to older age-groups, reported wanting to throw up, feeling relaxed or calm, and coughing or choking, and more endorsed 3 or more "physical/unpleasant" reactions and any "pleasant" reactions. Relative to non-Hispanic white and Hispanic white preteens, significantly more black preteens reported feeling relaxed or calm and any "pleasant" reactions, and significantly fewer reported a rush or buzz. More preteens with parents who had less than a high school education reported wanting to throw up compared with preteens with more highly educated parents. There were no differences by gender or family smoking index (data not shown) across SHSe reactions or summary score categories.
The Bayesian information criterion values of models estimating 1, 2, and 3 trajectories were Ϫ243.72, Ϫ224.54, and Ϫ228.90, respectively. The bestfitting susceptibility trajectory model by Bayesian information criterion was the 2-class solution (Fig 1) , characterized by high (8.5%) and low (91.5%) susceptibility trajectories. In covariateadjusted analyses, experiencing SHSe as "unpleasant or gross" predicted a 78% reduction in the probability of being assigned to the high smoking susceptibility trajectory compared with the low smoking susceptibility trajectory ( 
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FIGURE 1
Smoking susceptibility trajectories in 8-to 13-year-old preteens who have never smoked. 
DISCUSSION
This longitudinal study, together with our previous cross-sectional analysis, investigated a research question that has not been previously addressed. In particular, we examined whether reported reactivity to exposure to SHS in high-risk preteens predicts susceptibility to cigarette smoking. Subjective reactivity to the first smoked cigarette has been shown to predict risk for tobacco dependence 26, 43 and to be have some genetic basis. 23, 24 Both longitudinal and cross-sectional investigation showed that experiencing SHS as "unpleasant or gross" is protective against smoking susceptibility, suggesting that it may reflect a mechanism for targeted prevention efforts. In this longitudinal study, reactions to SHSe seemed to capture "physical/unpleasant" and "pleasant" dimensions, consistent with results for subjective reactions to the first cigarette. 27 However, in the full baseline sample, reactions like feeling relaxed or calm, thinking SHSe was nice or pleasant, or liking the smell did not load on a second "pleasant" factor, 28 which might reflect little or no "positive reinforcing" reactions to SHSe, at least in the way that such reactions were assessed in this study.
There were differences in endorsement rates of some SHSe reactions by age, race/ethnicity, or parent education but no differences by gender or family smoking history. Results suggest decreasing sensitivity to both unpleasant and pleasant reactions to SHSe as preteens get older. This decreased sensitivity cannot be explained by decreased SHSe because there was no significant relationship between urine cotinine levels (a biomarker of exposure) and age (r ϭ 0.005). In addition, urine cotinine did not predict susceptibility trajectory assignment (odds ratio: 1.15 [95% confidence interval: 0.76 -1.75]; P ϭ .498). It could be that the interpretation of SHSe reactions is different across agegroups. Because reactions to SHSe were asked in relation to lifetime exposure ("When you have breathed other people's smoke, did you ever feel any of the following?") and not specifically to recent exposure, it is possible that older preteens forgot reactions to exposures when they were younger or are simply recalling their more recent experiences rather than their lifetime experiences. Lower endorsement rates could also reflect changes in social-reinforcement contingencies and adaptations to cigarette smoke, where contingencies lead to more exposure, and overexposure episode adaptation takes place where one no longer reacts as negatively and/or downplays the negative effects of SHSe. It could also be that cumulative exposure is associated with decreasing sensitivity, perhaps through development of tolerance to SHSe over time.
It is not possible to evaluate this possibility in this study, but because lifetime exposure would be difficult to assess, assessment of reported sensitivity to SHSe may be a practical alternative.
The prevalence of feeling relaxed or calm was 3 times higher in black preteens, and the prevalence of a head rush or buzz was 3 and one-half times lower compared with non-Hispanic white and Hispanic white groups. Approximately 75% of black smokers smoke mentholated cigarettes, compared with 23% to 30% of non-Hispanic white and white smokers. 44, 45 It is possible that black preteens are more commonly exposed to the smoke from mentholated cigarettes, compared with preteens of other racial/ethnic groups, and menthol-flavored smoke may be experienced as more pleasant (feeling more relaxed or calm and less of a head rush or buzz) compared with SHSe from nonmentholated cigarettes.
There is evidence that cigarette smoke from mentholated cigarettes is associated with sensations of coolness in the mouth and throat of smokers. 46 These results may have implications for Food and Drug Administration regulation of menthol cigarettes, which currently are exempt from regulation. 47 Significantly more preteens with lower-educated parents reported wanting to throw up. It could be that preteens in such homes are exposed to greater amounts of SHS because lower educational achievement is associated with higher rates of cigarette smoking. [48] [49] [50] [51] Baseline urine cotinine levels did not systematically differ across parent education levels, although cotinine levels were significantly lower in preteens whose parents had less than a high school education compared with those whose parents had a high school or equivalent education (P ϭ .047), suggesting that SHSe at the time of assessment could not explain prevalence differences.
Using longitudinal smoking susceptibility data, we identified low and high smoking susceptibility trajectories. The low-susceptibility trajectory comprised the highest proportion of the sample, suggesting that despite the high-risk sample, for this age range and ethnic diversity, preteen smoking susceptibility was low overall. The mean age of preteens in the high (mean age: 10.2, SD: 2.2, and range: 8 -13) versus low (mean age: 10.3, SD: 1.6, and range: 8 -13) trajectories were the same, suggesting that those at high susceptibility risk were not simply older. Experiencing SHSe as "unpleasant or gross" was the only reaction that predicted a significant reduction in risk for assignment to the high smoking susceptibility trajectory.
In cross-sectional analyses, 28 this item showed a trend for a significant 40% reduction in smoking susceptibility risk. The combined results suggest that this reaction may be a marker for mechanisms that protect against smoking susceptibility. Among the covariates, the strongest protective factor for smoking susceptibility was having grades of As and Bs in school. This finding may have important implications for future intervention strategies that focus on behavior change to encourage good school performance by preteens along with providing strategies for limiting or eliminating SHSe.
The results from this study may not be generalizable to children younger than 8 or older than 13 years of age or to children at lower smoking risk, such as those who do not live with smokers. Assessment of SHSe reactions needs to be refined to include items that are specific to secondhand smoke rather than reactions more related to the experience of the first smoked cigarettes. The small portion of item variance explained by the factor structure makes evident the need for refinement. Low endorsement rates of the "pleasant" reactions to SHSe precluded identification of statistically significant associations between these items and smoking susceptibility. Larger samples would be needed to detect the effects of low prevalence measures. Longitudinal follow-up through the age period of risk for smoking initiation would be very important and informative for understanding how sensitivity to SHSe relates to smoking initiation.
CONCLUSIONS
This investigation, together with our previous cross-sectional analysis, suggest that (1) experiencing SHSe as "unpleasant or gross" may be a phenotypic marker for mechanisms associated with protection against smoking susceptibility; (2) identifying subgroups of individuals with different smoking susceptibility profiles over time allows for better resolution of the relationship between SHSe reactions and smoking susceptibility; (3) even in this high-risk diverse sample of subjects aged 8 to 13 years who never smoked, smoking susceptibility was low, suggesting that this age range may represent an opportune window for targeted intervention to keep susceptibility low and to decrease smoking initiation risk; and (4) 
